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ABSTRACT

The LAMPF Nuclear Chemisiry Data Acquisition System (DAS) is designed to provide both
real-time contral of data acquisition and facilities for data processing for a large

variety of users.

counters snd spectrometers and their connections to the system will be

advantages and disadvantages.

It consists of & PDP-11/44 connected to a parallel CAMAC branch

highway as well as to & large numb:r of peripherals. The various types cf radiation

Jescribed.
Also discussed will be the various methods of connection considered &nd their

both hardware and software will be described as well as plans for the future.

TAE NUCLEAR CHEMISTRY LABORATORY

The los Alamos Clinton P. Anderson Meson Physics
Facility (LAMFF) {s & medium-energy (800-MeV) pro-
ton linear accelerator.l Nuclear chemistry experi-
mants may be conducted at LAMPF using either the
direct proton beam or any of the secondary beams of
wuong, pions. or neutrons. In activation experi-
3ents, the targets irradiated in any of these beams
may be transported by vehicle or via a pneumatic
transfer system to the Nuclear Chemistry Laboratory
(NCL) whece they are analyzed. The NCL consists of
four chem'scry laboratories, five counting rooms,
and office space for staff and visiting scientists
(see Figure 1). The dasement area may also be used
for counting equipment.

COUNTING SYSTEMS

A large variety of radiation counting systems are
svailable in the counting rooms of the NCL. These
systems can be separated into two types, counters
and spectrometers. Counters are systems tnat pro-
duce one or a i{ew values as the output from the
measurement on & radioactive sample. One type of
system in this categorv includes propane~gas-flow
B-particle pvoportionsl counters (Figure 2) and
methane-gas-flow a-particle prcportional counters

(Figure 3). A special case of the p-particle
proportional counters {s the low background
counters ehown in Figure 4. These units are

mounied i{nside a much thicker than usual shield and
have a 12.7 em x 12.7 rm NaI(Tl) detector mounted
above the proportional counter chamber operated 'n
anticiincidence mode to further reduce the cosaic-
ray background. ALl of these counting systems pro-
duce & single valua as the output at the end of a
counting period.

Another single counting system is a 7.6 cm x 7.6 cm
NaI(Tl) y-ray counter that f{s gated to count only
pulses corresponding to a specific erargy region
(Figure 3). These vegions may include only 311-keV
poaitron~annihila.fon rays or the 1369-keV and
27%4-kaV y rays from Na. This counter {s used
primarily for y-ray-emitting samples that are too
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Figure 2. Propane-gas-flow S-proportional counters
and associated electronics.

Figure 3. Hethane-gas~flow a-proportional counters
and associated electronics,

Another type of counting system is the coincideuce
systam, These systems contain two {independent
counters facing each other and are connected to a
coincidence module. As & result, three values are
output at the end of each counting period (two
singles plus the coincidence output). ‘e have two
different types of coincidence counting systems.
Ons ia a p-particle~y~ray coincidence system shown
fn Figure 6. This is used to datermine absolute
activities of samples. In particular, {t has a
7.6 ¢cm x 7.6 cm Nal(Tl) detector gated on the
annihilation y ray and a photomsultiplier coupled to
a plastfc scintillator to count @ particles. This
is used exclusively for determining the absolute
disintegration rate of the pure $+-enitter 11¢, via

Figure 4,
systems.

Low background B-proportional counting

Figure 5.

Nal(Tl)
{neide spharical shield.
spectrometer is locared {n the square shiuld.

y--ay specltrometer lo:ated
A Nal(Tl) wall-typa y-ray

*-511-keV—y-ray ccunting.
other type o colncidence system, a positron
annihilation counter, It has two 7.6 c¢cm » 7.6 com
Nal(Tl) detectors each gated on the aanih.lation
y ray. This system, as well as all of the single
ceunters, are used to determine relative counting
rates. By calibrating these with standards, oue is
able to convert relative counting rates to absolute
decay ratea.

Figure 7 shows the

The other major class of counting systems is the
spacLrometar. Thamse systems produce a spectrum uf
counts versus energy, nosmally over 1024 to 4096
thannels of a multichannel analyser (MCA), as
outpul instead of one or a few n .mbars. Si(L1)

‘surface-barrier detectore in vacuum chambers are

used for a-particle spectra and are shown in



Figure 6. f-particle-y-ray coincidence counter.

7.6 cm Nal(Tl) detectors
used in cuincidence mode as & positron snnihilation

countur.

Figure 7. Two 7.6 ca x

Figure 8. Gamma-ray spectrometry can be performed
with aeftter NaI(Tl) spectrometers or Ge(L{i)
spectrometers (Figure 9). Because of the much

better resolution of the Ge(Li) spectroneters, the
Na.;Tl)=baned eystems are norwally used in the
gated counter mode described earlier.

The spectrometers normally have a shelf system so
that samples can be placed at vartous (fixed
dietances for which the efficlency nf the detector
vas calibrated. However, the samples have to be
changed wanually, as with the various counter
systems. Since the esamples for the vy-ray
spectrometers have generally been numerous and
contain rajioactive species of medfum-to-long half-
life, this changing of samples can become very
tedious. Therefore, we have constructed the
sutomatic sample changer shown in FPigure 10 for use
with a Ge(L1) epectrometer. It has a 24-posftfion

Figure 8. Solid-state a-particle spectromerers and
their associated electronics.

Figure 9. Ge(L1) spectrometer system with mercury-
filled shield.

wheel for semples and a 12-position shelf ctnp
systenm.

All these counting eystems can be operated aa
atand-alone manual or semi-automatic counting

ayetems without direct access to s computer, The
counters have scalers and tisers for output and
control, and portable printers are available for
automatic recycling of the systems. Magnetic tape
units are connectad to the multichannel analyrers
that can be used .'ith the various spectrowmeters.
The sample changer lias & manual control unit, which
does not have a stand-alone programmable
capsbility.
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Figure 10. Twenty-four position automatic sample
changer with a Ga(Li) spectrometer.

PHILOSOPHY OF DESIGN

In 1973 when the design of this system was begun,
it was known vhat types of counting equipment were
to be supported, since this counting system is a
small versiorn of one already existing in our main
Radio:hemistry Laboratory., Many scalers and timers
a.e neaded for the a- and g8~ proportional counters,
the 8-y coincidence counter, and the positron
annihi{lat{on counters. Also, a number of MCAs are
needed for the various spectrometers.

One way to provide the functions Served by these
unite i» by direct connection of the cutputs of the
counters and spectrometers to Unibus interfaces.
The computer would then have to respond to each
event from each counter and ADC as well as to keep
an  elapsed time clock for each {nput. This
obviously would easily overload the computer and
therefore not be feasible.

By providing scalers, timers, and multichanncl
analyzers as uni:s separate from the computer, nost
of the direct data acquisition load would be taken
off the main computer. The computer would only
need to met the varlous counters to the Jesired
count leangth and then read out the data when the
counteras ware done counting. The internal
bookkeeping would be greatly mimplified and more
counters cnuld be suppo:ted.

SELFCTION OF CAMAC

With the decisfon wmade to interface eaternal
collection units to the computer, the next step vase

to find the best way to do {t. Several
manufacturers of nuclear counting equipment had
sroprietory bueses to connect their modules

together and to a printer or teletype, These
busses are ratter slow and have limited c.pability
for computer cuntrol of the counting wmodules.

Connecting these modules directly to the computar
bus itself is :nother possibility. However, due to
the large number of modules involved and the fact

that they are in four counting rooms, several
Unibus repeaters would be needed. Also, a large
number of noncounting pecripherals are already

heavily loading the bus.
unuseable.

Therefore, this option is

The only apparent remaining choice is the CAMAC
Branch Highway.“ The units used in a CAMAC systenm
are modular and therefore very portable, similar to
existing NIM unites. Since there are many standard,
off-the=~shelf units, they provide great flexibilicy
in configuring and reconfiguring & system. This
system is also easily expsndable.

With these advantages come several disadvantages.
Although many of the units we needed were standard
NIM designs, no equivalent CAMAC modules existed.
As a result, most of our CAMAC modules were custom
designed.

Assoclated with this is the problem of having them
repaired since they were the only ones of their
kind. Repairs are performed by a laboritory in-
house electronics maintenance group with some
consultation with the manufacturer. Since other
people have similar needs for their counting
systems, some of these CAMAC wmodules are now
available commercially, and thus wmore support and
documentation are available when problems occur.

An obvious second problem 18 software, Since the
CAMAC modules are custom designed, the software
must also be custom designed. A large amount of
effort by LAMPF programmers has gone into the data
acquisition package called "Q". This set of
programs provides the user a very powerful tool
with which to control his CAMAC asysrem. Its
primacry di{sadvantage 1is that it is a single-user
system. Since we have to provide counting
facilities for several users at a time, we must use
a subret of "Q". This subset {s slow, one CAMAC
command at a time, and is .aot interrupt driven., As
a result, reading out a multichannel analyzer tukes
s few minutes instead of a few seconds.

RS-232" was available at the time the system was
designed. However, it was specified for a maximum
cable length of 50 feet, and the MCAs were as far
as 100 feet from the cpu. Also, at that time the
use of R$S-23" 48 primative: namely, a full dump of
an MCA memory in digite with no flow control and
only simple control of the operation of the MCAms.
This method {8 currently uesed to ~onuect asome of
the MCAs to the CAMAC highway and thereby to the
cpu.

GPIB.5 also known as I[EE-488, was not available
then. Even today there are no modules avaiiable of
the type we use, and this system is not oriented to
this type of application.

CAMAC SYSTEM
Figure 11 is a schomatic of the DAS CAMAC branch

highway, The CAMAC crates in each of the two
counting rooms 4in which acaler counting is
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Figure 11. The CAMAC branch highway portion of the DAS.

In th2 y-ray spectroscopy counting room, there are
4 number of different CAMAC wmodules used. In
Figure 13, a typical configuration of this crate is
shown. As in the other crates, this crate contains
an Evert Trigger wmodule’ and a dataway display
module. Since this is normally the end of the
highway, a display high'vay terminator is inciuded.

This cratc hnus the 1interfaces to connect the
various types of MCAs used to the branch highway.
Some of the MCA: vrequired the design and
coretruction of cpecial units for czonnecting to the
branch highway and for performing the BCD-to-binary
conversion of the date as it is passed from the MCA
to the branch highway. Other MCAs are connected
through standard TTY-to-CAMAC interfaces. The Dual
Parameter Data Acn lsition System® i{s connected to

Figure 12. A CAMAC crste concaining several
scaler-timers and & TTY-to-CAMAC interface as wel!
as standard modules.

performed have similar contentc. Ona of these
crates i{s shown in Figure 12. The crate contains
several BiRa Model 2101 Dual Scaler-T{mers.® Each
of these ''nits has two independent scalers and twe
independent timers. Tie output of each timer can
be used to cuntrol one or more scalers so that all
scalers connected to a particular counter can be
started und etopped simultaneously., FEach crate has
enough scalers to operate all counters in that room
at the same time,

In addition to the scel r-timers, each of these
crates las one or ore CAMAC-to~TTY interfaces.
These are used for contvol of and four tranemitting
spectral output from snall 2048-channel MCAs used
for a-particle agpectiometry and Nak(Tl)-y-ray
spectrometry. These MCAs are aleo urad to replay
data cassettes produced when these MCAs are used in
the experimantal! areas in multiscaler mnde ¢s heam Figure 1). Interfaces to several different MCAs as
intens{ty monitors. well as ostandard modules in a CAMAC crate.




this crate through both a TTY-to-CAKAC interfsce
snd a special-design data transfer wodule. The
sutomatic sample changer is connected through a
dual 1/0 register,

The remaining crate {s in the computer roowm. In
addition to the standard modules, it contains two
special modules. One {s a readout unit from the
Time-of-Year (TOY) clock system used in all the
counting rooms and chemistry laborstories. The
clock uses a WWVB receiver and provides time in
Julian day-of-the-year and fraction (5 decimal
places) of a day. It i{s used to set the computer
clock at beoct time. The second module 1is an
interface to IBM 026 and 029 keypunches. Although
rarely uscd now, it has been used in the prst to
provide punched card output of spectra.

EARLY COMPUTER SYSTEM

The original propossl for this data acquisition
system included a PuP-11/40 with BBk words of
memory, one LA30 Console, two Tektronix 4010
graphic terminals, one RKGS5 disk drive, two DECtape
drives, & paper tape reader/punch and two IBM 729
7-track magnetic tape drives. This configuration
was based on one proposed for LAMPF data
acquisitior systems.’” Very rapidly the need for the
three CRT consoles and two additional RKOS disk
drives appeared, and they were purchased. The
DECtapes and paper tape system were purchased since
they were the then- available system software
distvibution wmedia and also the only means for
intercomputer software distribution.

As use of the DAS increased , the need for a
printer/plotter and a fuil 256k-byte memory
developed. With these {tems added to the system,
the use and useability of the system further
increased. This 1is shown in Figure l4.

Before long, twn of the RKO5s were needed just for
:he operating system and locally written data
acquisition programs, This left only one disk
drive to be shared by all users for their programs
and data. Also, much of the data came from off-
line MCAs via 7-track 556-bpi magnetic tape. With
the low data density on the tapes and the
unreliability of the old tape drives, {t was
apparent that changes had to be made. As a result,
the magnetic tape drives on the DAS and the off-
line MCA tape drives vere converted to 9-track.
Also a 40M-byte disk drive was purchased.

During this period, we aleo had problems due to the
irability to add a floatiny Ddoint processsr to the
PUP=11/40. In particular, we could not easily do
double precision (J2-bit) {integrr operations, and
floating point operationa were done in software,
wvhich {s consideratly slrwer than hardware. Since
another group within the laboratory was intere.ted
ifn treding PDP-11/34s to get PDF-11/40s, we traded
and fimmediately added a floating [oint processcr to
the new central processor.

CURRENT COMPUTER SYSTEM

After a feu more yeirs, we ran into probleas with
not enough memory. The full 256k bytus on the
PUP-11/34 was not 1nough to run more than s few
data acquisition nnd snalysis progrsms at the eame
tima. At that time, the PDP-]1/44 was announced,
sc we ordered one. We also ordered a esacond

256k~byte memory board. Once again, cpus wvere
swapped while keeping all the peripherals. A
dlagrea of the current system is shown in Figure 15
and a photo of the system is shown in Figure l¢.

Difterent terminals are used for different
purposes. The TEC terminals are distributed as
seen in Figures 12 and 13, one in each counting
room with a CAMAC crate, for use by experimenters
to control data acquisition. The two 4010s are in
the computer room for use in data snalysis and
software development., The VT]00 is also used for
data analysis and software development. The LA38
is a hard-copy system console,

Other peripherals include the mep10 to connect the
Unibus to the CAMAC branch highway, and &
printer/plotter. In addition to being used for
various Lypes of listings, the printer/pletter can
be used to obtain hard-copy output from the 4010s
and to produce plots of y-ray spectra and of decay
curve resolution of counter data.

As a regult, this system has a large varie’y of

peripherals, perhaps too many for [ ood system
reliability. e DECtapes currently are rarely
used. For several years, th» paper tape hardware

wvas rarely used. However, because of the PDP-11/03
connection through CAMAC and benause it had no mass
storage device, it was being used for high speed
reading of diagnostics for the PDP-11/03. Now, an
RKOS has been moved to the PDP-]1/03, so the pa.er
tape system is no longer needed. With the addition
of the large disk system to the DAS, the use of the
RKO58, has greatly decreased, but they are still
used for data storage for individual experimenters,
for program an¢ data transfers between computers,
and for the operating system while backing up the
big disk to magnetic tape. So, although use of
many of the peripherals has decreased, some are
still occasionally needed.

SYSTEM SOFTWARE

The software to operate the DAS comes from four
general sources. The first (s DEC. We have
recently upgraded to RSX-1IM and FORTRAN-77. This
upgrade was delayed by the upgrading of "Q" and
then by the heavy use of the DAS for current
experiments.,

Another source ur our software is Versatec. This
ie to provide the plotting software for our
printer/plotter.

The remaining two sources are basically in the
laborati,ry. In addition to the "Q" data
acquis{vion and analysis system, the software group
at LAMPF also provides s number of programs such as
PMP, SRD, and others from the RSX SIC tapes as well
as  some locally written software for copying
magnetic tapes and debugging the CAMAC systenm.
Another group in the laboratory provides the TEDI
editor/formatter which we uge for editing and
word procensing.

The iast source {s locally written software, With
the number of different counting systems in use,
several differant progrems have to be used
siaultaneously in order to control the data
acquisition. In addition, experimenters would like
to process their data as it {s taken, instead of
doing {t later either here or at their home
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laboratories in the csse of vistors. Another use
of this system is the development of software for
on-line experiments using the "Q" system.

Data acquisition programs can “e separated the same
way as counting systems. One program controls all
the scaler-timers {ndependently in the two counting
rooms. This and »- ‘ociated programs can be used to
set up a sch.uule of different sount lengths to be
used to follow the decay of a sample. This can be
done independently for each counter,

Since we have several different types of MCAs, we
have different programs to handle each type. Sowe
are used Just to traasfer data collected previously
and stored on magnetis tepe. Gthers arve uned to
control on-line acquistion by the MCAs .i{milar to
the methods used fo: the scaler-timers and for
centrolling the sutomatic ssmple changer as wvell.

Proceusing the various typee of data requires a
numbet of differen. programa. Operstions may be
congsolideted {nto sevural large, multifuaction
prograss or i{nto smany smaller progrsms depending on
personal preference and program size. Some
fractions which can be performed fnclude lieting
and plotting of data, editing the data files in

T
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The early Data Acquisition Computer System.

order to add to or to correct the information {n

them, and analyzing the data to provide the
activity levels of the radioactive species at some
desired time. The editing program for .he

scaler-produced data can also be used to create
deta files fur counting recorded by hand.
Automatic processing of the data as it i{s read out
from a courting system and stored on disk s also
possible, although not currently implemented. All
of the dets are stored in one of two standard
formats, one scaler data, the other for spectra
data.

TYPICAL OPERATIONS

The typical operation of the scaler-timers and the
MCAs are very similar, An experimenter goes tc the
terninai in the counting room and runs the program
for the counting system of interest, 1if it {is not
aslready running. Information about the sample to
be counted, fncluding count lengths and number of
countings 1is entered 1into the file for the
particular counter. A request to start the counter
is initiated by use of a front penel interrupt on
the Event Trigger wodulae, If the counter |is
already active from the previous sample counted on
1t, the experimenter {s asked {f the restart is
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Figure 15. The schematic diagram of the current NCL Datas Acquisition Computer System.

In addition to planning for upgrading individual
counters, spe trometers and their associated
electronics, the future also includes networking
the DAS to the LAMPF Computing Facility VAXs and
thereby to the Los Alawmos Central Computer Facility
(CCF). This will allow archival data storage in
the CCF mass storage facility and also use of the
CCF VAXs, CRAYs, CDC 76008 and other large
computers., Hardware upgrades also include
replacement of the 4OM~iLyte disk system with a
205M~byte RA60 system and more graphics terminals
for data snalysis. The RA6N should be in use by
the time thie 18 published, and it {s another
reagscn we upgraded the operating system to RSX-]IM.

Future software developments include & continual
upgrading of the programs used in order to make
them more efficient and easier for the
experimenters to use. Since many of the uses of
the DAS are routine or repetative in nature,
development of other types of software {5 not a
ma jor effort.

SUMMARY

Figure 16. A photo of the Data Acquisftion Sys:em.

The LAMPF Nuclear Chemistry Data Acquistion System
is designed to provide both real-time control of
data acquistion and facilities for data processing
for a large variety of users. The large variety of
counting systems have been described as well as
their connections through a CAMAC parallel branch
highway to main computer, Its hardware and
software in generasl have been described as well as
plans for the future.

desired to prevent accidental restarting of the
wrong counter. After starting the counting system,
the program goes into a wait state.

When the coun- is finished, a LAM is set which in
turn sets a channel in the Event Trigger module ond
ite LAM. The program detsrmines which counter {s
finished by which channel 1e set. The data are
reed out, and the counter is cleared. Fros the REFERENCES
counter information file, the program determines 1if —_—
more counts are to be taken. If so, the counter is

1. L. Rsen, “The Clinton P. Anderson Meson
restarted. If not, a wmessage that the counter ts Physice Facility (LAMPF)," Proc. Nat. Acad.
finished is output to the terminal. In either Sci. USA, 70, No. 2, 603-610, February, 1973.

case, the program then goes back into wait. The
experimenter can either process thig dats now or
wait until later.
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